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ABSTRACT 
The Hawaii Scientific Observation Hole (SOH) 
program was planned, funded, and initiated in 1988 by the 
Hawaii Natural Energy Institute, an institute within the 
School of Ocean and Earth Science and Technology, at the 
University the University of Hawaii at Manoa. Initial fund-
ing for the SOH program was $3.25 million supplied by the 
State of Hawaii to drill six, 4,000 foot scientific observation 
holes on Maui and the Big Island of Hawaii to confirm and 
stimulate geothermal resource development in Hawaii. 
After a lenghty permitting process, three SOHs, totaling 
18,890 feet of mostly core drilling were finally drilled along 
the Kilauea East Rift Zone (KERZ) in the Puna district on 
the Big Island. The SOH program was highly successful in 
meeting the highly restrictive permitting conditions imposed 
on the program, and in developing slim hole drilling tech-
niques, establishing subsurface geological conditions, and 
initiating an assessment and characterization of the geother-
mal resources potential of Hawaii - even though permitting 
specifically prohibited pumping or flowing the holes to 
obtain data of subsurface fluid conditions. 
The first hole, SOH-4, reached a depth of 2,000 
meters, recorded a bottom hole temperature of 306.loC, and 
. established subsurface thermal continuity along the KERZ 
between the.HGP-A and the TruelMid-Pacific Geothermal 
Venture wells. Although evidence of fossil reservoir condi-
tions were encountered, no zones with obvious reservoir 
potential were found. The second hole SOH-I, was drilled 
to a depth of 1,684 meters, recorded a bottom hole tempera-
ture of 206.loC, effectively doubled the size of the Hawaii 
Geothermal Project- Abbott/Puna Geothermal Venture 
(HGP-AIPGV) proven/probable reservoir, and defined the 
northern limit of the HGP-AIPGV reservoir. The final hole, 
SOH-2, was drilled to a depth of 2,073 meters, recorded a 
bottom hole temperature of 3S0.SoC, and has sufficient 
indicated permeability to be designated as a potential "dis-
covery". 
INTRODUCTION 
The Hawaiian Islands are located above a geologic 
"hot spot" in the earth's mantle that has been volcanically 
active over the past 70 million years or so. The Big Island 
of Hawaii has an obvious, large potential for geothermal 
energy resources, both for electrical generation and direct 
utilization. Since the drilling of the HGP-A well in 1976, 
which was funded by a combination of federal and state 
money and the discovery of the HGP-AIPGV geothermal 
reservoir along the eastern portion of the Kilauea East Rift 
Zone (KERZ), geothermal power potential on the Big 
Island has been assumed to be in the range of 500 to 700 
megawatts (Thomas, 1987). 
The $500 million Hawaii Deep Water Cable Pro-
gram, which was based on the assumption that the esti-
mated power potential could be produced, was initiated to 
bring the geothermally generated electricity from the Big 
Island to the load center on Oahu. Reservoir size or capac-
ity, however, had not been proven by further exploration or 
testing, and the producibility of the HGP-AIPGV or other 
potential reservoirs was, and still is, unknown. Although 
six production wells have since been drilled on Puna Geo-
thermal Venture (PGV) property, approximately one 
quarter mile to the north of the HGP-A well, these wells 
have not, as of the writing of this paper, had extensive flow 
testing, and currently, only a reservoir with a "known" pro-
duction capability of approximately three megawatts has 
been proven. 
The Scientific Observation Hole (SOH) program 
was planned and implemented by the Hawaii Natural 
Energy Institute, a division of the School of Ocean and 
Earth Science and Technology, at the University of Hawaii 
at Manoa to provide an assessment of the geothermal 
potential of the KERZ on the Big Island and the Haleakala 
Southwest Rift Zone (HSRZ) on the island of Maui within 
existing Geothermal Resource Subzones (GRZ). The SOH 
program was initially funded to drill six SOHs to a nominal 
depth of 1,200 meters (4,000 feet), four on the Big Island 
and two on Maui, to "confirm and stimulate the geothermal 
resources development in Hawaii." Initial attempts to 
permit the two SOHs on the island of Maui met with such 
intense local opposition, that the two holes scheduled to be 
drilled in the HSRZ were withdrawn from further consid-
eration during this phase of the program. 
Although the SOH program has had a history of 
continuous opposition from well organized and funded, 
highly sophisticated, special interest groups, the program 
was highly successful and met the University of Hawaii's 
stated mission of providing scientific information and 
technology transfer to the private sector for utilization and 
commercialization, and provided a stimulus for private 
development of Hawaii's geothermal resources. After the 
completion of three holes, effective techniques have been 
devised to drill slim rotary and core holes to depths in 
excess of 2,070 meters (6,800 feet); thermal continuity at 
depth along the KERZ has been established; the northern 
boundary of HGP-A/PGV reservoir has been defined; 
and a potential geothermal reservoir in a previously 
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untested area has been discovered. 
PURPOSE AND SCOPE 
The SOH program is a multifaceted project de-
signed to: 
o assess the geothermal resource potential in Hawaii, 
o aid in the evaluation of the commercial geothermal 
potential in the GRZs, 
o provide data for scientific research, and 
o serve as long term monitoring sites. 
The minimization of environmental and sociologi-
cal impacts was a primary concern in planning the program. 
This was achieved by choosing equipment and drilling 
techniques so that operations required only a limited work 
area (less than 1/3 acre), had low water consumption, did 
not require a high volume of heavy truck traffic, and were 
able to meet and surpass county noise guidelines. Drill sites 
were carefully selected to eliminate, or minimize, the need 
for new road construction, maintain as much distance as 
possible from residences, and use the natural terrain to 
negate the visual and audible impact on the community. 
The first phase of the SOH program involved the 
drilling of 18,980 feet in three holes and the recovery of 
nearly 15,000 feet of core, which provided the first exten-
sive core ever taken in Hawaii. Continuous core yields 
invaluable, tangible information to geologists and other 
earth scientists concerning the evolution of the Hawaiian 
volcanoes in general, and the KERZ in particular. Analysis 
of the SOH core provides unique information concerning 
the evolution of the KERZ through periods of volcanic 
aggradation, erosion, sedimentation, mass wasting, intrusive 
activity, and subsidence to its current state. 
A primary goal of the SOH program has been to 
evaluate the extent oCthe commercially viable geothermal 
resource along the KERZ. The SOH holes were located to 
compliment geothermal exploration and production drilling 
underway and planned in the area. Study of the core 
samples aids in understanding the interrelationship of 
permeability, secondary mineralization, and alteration in the 
geothermal systems. Temperature surveys and geophysical 
logs provide information on the extent and nature of the 
systems. Detailed descriptive logs, data bases, and the 
archiving of core for future study provides a powerful long 
term reference tool for geologists involved in current and 
future geothermal production drilling operations. Following 
their completion, the SOHs will serve as long term observa-
tion sites. From these sites changes in temperature, water 
level, and water chemistry will be monitored to determine 
the effects of long term commercial geothermal production 
and volcanic activity along the rift zone. 
NOISE MITIGATION 
Noise generated by round-the-clock drilling opera-
tions was a primary concern expressed by County of Hawaii 
officials. County restrictions accompanying the drilling 
permit limited noise levels at nearby residences to a maxi-
mum of 55 dBA during daylight hours and 45 dBA at night 
(7 PM - 7 AM). Permitted noise levels were not exceeded 
at any of the three SOH sites during the 18 months th~t 
drilling occurred. Complaints, however, were often fIled 
simply because a resident could hear sounds generated at the 
drill site regardless of measured noise levels, and represented 
a form of harassment by the opponents of geothermal devel-
opment. 
Prior to beginning the program the drilling contrac-
tor, working with an acoustical consultant, made extensive 
modifications and additions to the drilling equipment. These 
alterations reduced noise levels to within Hawaii County 
specified limits during most operations. From the initiation 
of the SOH program in December 1989, an ongoing effort 
was made to further minimize sources of noise as they were 
identified. This effort was undertaken by the drilling and 
SOH personnel. Technical advice was provided by an 
acoustical consultant who conducted an acoustical survey at 
each site after the rig was set-up and drilling. Some of the 
















completely surrounding the main power plant on 
the drill rig, a 410 HP General Motors diesel en-
gine, with a sound dampening enclosure, 
construction of sound absorbing duct work over air 
intake and discharge areas around the engine com-
partment. The ducts were designed to both absorb 
sound and direct it upwards away from residences, 
modification of ancillary equipment normally 
powered by small gas or diesel engines. These are 
now driven by hydraulic motors, which are powered 
by the drilling rig hydraulic system, 
installing a 5 x 7 duplex mud pump and diesel 
power unit in a 20 foot, sound insulated shipping 
container, 
enclosing the main hydraulic hoist and sheave 
assembly at the top of the mast with sound dampen-
ing panels, 
erecting sound dampening panels around the front 
of the drill rig and adjacent to other sources of 
noise. Panels were moveable so each site could be 
custom fitted, 
installation of large "hospital type" mufflers on the 
rig engine, 
enclosing the substructure with sound dampening 
panels, 
lining the pipe rack s!ides with .plywood to ~ampen 
noise as rods and casmg were hfted to the ng floor, 
enclosing the rig floor with heavy wind walls and 
doors, . 
locating each drill site as distant from existing 
residences as practical within selected target areas, 
and positioning the equipment to minimize noise 
directed at the residences, 
running equipment at lower speeds during night 
operations to reduce noise levels, 
suspension of night time operations when work 
involved excessive noise such as cementing opera-
tions, and, . 
an acoustical survey was conducted at each l<?CatJon 
and adjustments were made to address the umque 
conditions encountered at each site. 
A program of noise monitoring was continued 
throughout the SOH program, which consisted of a monitor-
ing station at the drill site an~ m~nitori~g stations at ~wo 
nearby residences. The momtonng stations we~e deSigned 
by an acoustical consultant fro~ Oahu ~.d serviced by an 
independent contractor from Hllo. AdditIOnally, a local 
contractor was commissioned to make spot acoustical read 
ings in response to noise complaints on a 24 hour a day 
basis. The monitoring station at the drill site was wired to a 
supply container next to the rig, and recorded digitally with 
meteorological data, which was also recorded at the site. 
Strip chart recorders powered by batteries and solar chargers 
provided a fairly continuous, but basically unsatisfactory, 
permanent record of noise levels at the remote residential 
sites, due to frequent stoppages caused by paper jams, ink 
problems, and tampering by the local residents or vandals. 
This problem can be solved by providing remote monitoring 
stations with digital recorders and radio transmitters to send 
the data back to the recorder at the drill site. 
The drilling rig and ancillary equipment were 
extremely quiet. Noise levels were generally less that 60 -
65 dBA, the sound level of a normal conversation, at the 
drill site. However, under certain meteorological conditions, 
noise originating at the SOH sites was audible at consider-
able distances from the source. On one occasion, even 
voices of crew members could be heard over the machinery 
noise at distances of over 1,500 feet. Although it is not 
possible for drilling operations to be completely inaudible, 
one of the SOH program's goals was to eliminate as much 
"nuisance level" noise as possible even though county 
guidelines were already being met. 
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RESULTS OF THE SOH PROGRAM 
To date three of the four permitted SOHs have been 
drilled. The location of the SOHs, the GRZs, and the pro-
duction wells drilled by PGV and T/MPGV are shown on 
Figure I. Although all the necessary permits have been 
approved for SOH-3, the State of Hawaii decided to defer or 
cancel the drilling of SOH-3 pending the drilling results of 
the first three SOHs. 
SOH-4 
The first hole drilled, SOH-4, was drilled to a total 
depth of 2,000 meters (6,562 feet), and recorded a bottom 
hole temperature of 306.1 °C (583°P). Although evidence of 
fossil reservoir conditions were found, no zones with obvi-
ous reservoir permeability were encountered. No problems 
were encountered in core drilling the upper section of sub-
aerial basalt flows and dikes. However, severe rotary drill-
ing problems with lost circulation and reaming were encoun-
tered in the upper 610 meters (2,000 feet) of the hole, result-
ing in large overruns in drilling costs. These problems were 
solved by slowly and carefully drilling blind for 50 to 100 
meters (150 to 300 feet) through lost circulation zones 
instead of cementing whenever circulation was lost, by using 
LOCATION OF SOHs ON THE BIG ISLAND 
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Figure 1. Index Map: Location of SOHs, Production Wells, and Geothermal Resource Subzones 
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Figure 2. Drilling Performance, Depth versus Cost. 
thin cementmixtures to regain circulation, and opening the 
core hole with rotary tools to the final hole size in one pass 
instead of two. After casing was set and cemented, core 
drilling proceeded with only minor problems to the bottom 
of the hole in a heated section of submarine basalts. At a 
depth of approximately 1,200 meters (4,000 feet), State 
officials decided to deepen the hole to a depth of approxi-
mately 2,000 meters (6,500 feet) because temperatures of 
200°C (400"F) or higher had not been recorded during 
drilling. At this time, the other scheduled SOHs were also 
targeted to depths of approximately 1,825 to 2,000 meters 
(6,000 to 6,500 feet). Total drilling costs for SOH-4 were 
$1,404,805, or $702.40 per meter ($214.08 per foot). Drill-
ing performance is shown graphically for depth versus cost 
for all the SOHs in Figure 2. The temperature gradient of 
SOH-4 and the other SOHs are shown in Figure 3. Interest-
ingly enough, SOH-4 was initially considered to be a "fail-
ure" by State officials because the bottom hole temperature 
was not as high as the 358°C (676°F) encountered in the 
HGP-A well, because of the large cost overrun, as compared 
to the cost estimated for the original 1,2.00 meter (4,000 
foot) depth planned for the hole, and because the hole did 
not encounter a reservoir. This resulted in renewed efforts 
to educate the officials as to the realities of drilling econom-
ics, programmatic goals, and expected results. 
SOH-l 
The second hole, SOH-I, was drilled to a total depth of 
1,684 meters (5,526 feet) and recorded a bottom hole tem-
perature of 206.1 °C (403°F). The drilling and casing plan for 
the upper 610 meters (2,000 feet) was modified, utilizing the 
experience gained in the drilling of SOH-4, by omitting the 
initial 305 meters of 9-5/8 inch casing and using 7 inch 
casing from the surface to a depth of 610 meters (2,000 feel). 
This resulted in rapid progress with essentially no drilling 
problems and cost savings of approximately $240,000 as 
compared to SOH-4 at a similar depth. When coring re-
sumed below the casing, however, very severe drilling 
problems were encountered due to highly fractured, cool 
«38°C or <100°F), submarine basalt, sands, and dikes, in the 
interval between 610 and 1,370 meters (2,000 to 4,500 feet), 
resulting in short bit life, short (15 to 45 centimeter or 6 to ) 8 
inch) core runs, stuck drill rods, and massive cost overruns. 
The fractured submarine basalt and dikes broke off in small 
fragments around and in front of the bit, and rolled about the 
_ drilling surfaces, wearing the bit face matrix and gouging out 
the diamonds. The exterior gauge of the bits was reduced 
and the interior gauge enlarged resulting in short core runs 
which stuck in the core barrel. This resulted in the necessity 
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Figure 3. Temperature Gradients of SOHs. 
between 3 and 6 meters (10 to 20 feet), resulting in constant 
tripping of the rods to replace bits and causing the drillers to 
"affectionately" refer to this interval as the "hole from 
hell". Below 1,370 meters (4,500 feet) the temperature 
increased rapidly, resulting in nonnal drilling runs, core 
recovery of nearly 100%, and long bit life, due to fracture 
filling or bonding of the fractures by thennal metamor-
phism. Total drilling costs were $1,562,647 or $927.76 per 
meter ($282.78 per foot), causing the hole to be stopped 
approximately 300 meters (975 feet) short of its targeted 
depth. 
SOH-2 
The third hole, SOH-2, was drilled to a total depth of 2,073 
meters (6,802 feet) and recorded a bottom hole temperatu;e 
of 350.5°C (663°F). The drilling and casing plan was agaIn 
modified to incorporate the lessons learned in the drilling of 
the first two holes. To reduce drilling costs, the upper 580 
meters (1,900 feet) of the SOH was rotary drilled with no 
coring. Casing was set approximately 30 meters (100 feet) 
higher in SOH-2 than in the other two SOHs because of a 
sudden 4° deviation in the hole in an 8.2 meter (27 foot) 
(. 
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interval between a depth of 567 to 575 meters (1,860 to 
1,887 feet), which resulted in several drill collar twist offs 
and fishing jobs. After the casing was set, coring was 
attempted with unsatisfactory results similar to those en-
countered in SOH-I. At that time a decision was made not 
to attempt to fight the hole down by coring, and the hole, 
subsequently, was rotary drilled to approximately 1,250 
meters (4,100 feet). As circulation was lost at the surface, 
only a few scaitered rock samples were collected in the 
upper rotary portion of the hole. However, the dogleg 
caused by the sudden hole deviation, persisted through the 
casing and drilling continued to be plagued by repeated 
twist offs to the bottom of the hole. Luckily, all the twist 
offs occurred inside the casing, and fishing, although time 
consuming and costly, did not result in major delays or loss 
of the hole. Temperature at a depth of 1,250 meters (4,100 
feet) was 132.7°C (270.9°F) which was sufficient to bond 
the fractured submarine basalts (or the section previously 
had been subjected to higher temperatures with the same 
results), and coring proceeded rapidly and smoothly to the 
bottom of the hole. Subsequent injection testing indicated 
that a permeable interval between 1,488.3 and 1,505.7 
meters (4,883 to 4,940 feet) with a temperature of 210.3°C 
(4IO.5"F) can be designated as a possible "discovery". 
Additional drilling in the vicinity of SOH-2 should intersect 
fracture permeability below a depth of approximately 1,825 
meters (6,000 feet) with fluid temperatures in excess of 
300°C (572°F). Total drilling costs were $1,098,760 or 
530.03 per meter ($161.53 per foot), which represented a 
savings of greater than $300,000 while drilling 73 meters 
(240 feet) deeper than SOH-4, and greater than $460,000 
while drilling 389 meters (1,276 feet) deeper than SOH-I. 
Analysis of the drilling results indicates that the key 
to reducing costs involves more than drilling faster. Over 
the long run, staying out of trouble usually results in faster 
penetration rates and lower drilling costs. Consequently, 
after the experience with the twist offs in SOH-2, a decision 
was made to core drill the subaerial basalts and then open 
the hole by rotary drilling, which results in a straight hole 
and more data, rather than to attempt to reduce costs by not 
coring and running the risk of twist offs and possible loss of 
the hole. 
PRELIMINARY SOH PROGRAM RESULTS 
Preliminary results from the SOH programs indicate 
that: 
o Core (slim) holes can be successfully drilled to depths 
in excess of 2,070 meters (6,800 feet) and can be used 
to assess geothermal resource potential at substantial 
saving in drilling and permitting costs and environ-
mental impacts. The SOHs probably can be drilled 
most efficiently by a combination of rotary and core 
drilling techniques. 
o It was not possible to collect uncontaminated ground-
water or reservoir fluids in the SOHs in a cost effec-
tive manner by bailing. To obtain reliable samples 
the holes must either be pumped or flowed. 
o Additional production and assessment drilling must 
be completed before an accurate estimate of the size 
and characteristics of the geothermal resource can be 
made. 
o A single, large, geothermal reservoir (or several large 
reservoirs) probably does not exist along the KERZ. 
The geology of the geothermal reservoirs that do exist 
is probably highly complex and the reservoirs may be 
relatively small and discontinuous. 
o Much, and probably most, of the KERZ at depth has 
temperature in excess of that required for electrical 
generation at economic drilling depths. Ample water 
also probably exists at all depths below sea level. The 
key to the discovery and definition of viable geother-
mal reservoirs will be outlining areas with sufficient, 
connected, permeable fracture zones. 
o SOH-l essentially defined the northern boundary of 
the HGP-A/PGV reservoir. SOH-2 discov.ered a 
possible geothermal reservoir in a previously untested 
area, and SOH-4 established thermal continuity al 
depth along the KERZ between SOH-I - HGP-AlPGV 
and the True/Mid-Pacific Geothermal Venture drill site. 
Figure 4 illustrates a possible thermal regime at depth 
along the KERZ as can be defined with the existing 
subsurface information. 
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Figure 4. Temperature Distribution at - 4,000 feet, msL After GeothermEx, Nov. 1991. 
